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(57) Abstract 

An ion mobility spectrometer includes a spectrometer housing (10) and, within the housing, an ion mobility spectrometer cell (12), 
a volume of vapour absorbent material (30), and a fan (38) for inducing a flow of recirculating cleaning air through the cell (12) and the 
absorbent material (30). In the preferred arrangement, the vapour absorbent material is held in close proximity with the cell, providing the 
possibility of constructing a miniature instrument without the need for any external air supply. 
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Jon Mobility Spectrometers 

The present invention relates to ion mobility 
spectrometers and more particularly to ion mobility 
spectrometers incorporating a body of vapour absorbent 
material such as a molecular sieve pack within the 
instrument housing. 

It: is well known that for correct operation at least 
the drift space of an ion mobility spectrometer cell needs 
to contain gas that is free of contaminants such as 
residual sample vapours. For correct operation there is 
also a need to maintain the level of moisture vapour, which 
may also be regarded as a contaminant, at well below that 
of ambient atmosphere. In prior art instruments such 
conditions are typically achieved by sweeping the drift 
space either with a flow of clean dry gas, which may come 
from an air-line, or by use of a complex re-circulating air 
system such as is described in US Patent No 4317995. 

However in a recent development, the subject of our 
co-pending application No WO93/06476,. the necessary 

clean dry conditions are maintained within an ion mobility 
spectrometer by means of a diffusion process, in which a 
body of molecular sieve material is held in intimate 
contact with the internal volume of the IMS cell. As the 
barrier between cell and molecular sieve may only be a thin 
sheet of mesh, any contaminant vapours within the cell will 
diffuse towards the sieve pack where they are absorbed and 
the cell volume thus kept clean and dry. 

The system described works well in many applications, 
particularly if the sample vapour to be analysed is drawn 
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into the cell intermittently allowing time for residual 
sample vapour and any water vapour drawn in with it to 
diffuse to the molecular sieve pack and to be absorbed 
before the next sample is drawn into the cell. By obviating 
the need either for an external air supply or for a complex 
recirculatory system, use of a molecular sieve pack 
arrangement within the ion mobility spectrometer casing 
permits the design of small and simple ion mobility 
spectrometer instruments, ideally suited for use in 
miniature hand-held or body-worn IMS detectors. 

However if such instruments are employed for 
continuous use, problems may arise as a result of the 
relatively long clear-down time, that is the time taken for 
the molecular sieve pack to cleanse the internal atmosphere 
of the cell to a level at which a further sample may be 
accurately measured. 

Additionally, problems may be encountered with the 
absorbing capacity of the molecular sieve under conditions of 
continuous use. In the diffusion cleaning process, over a 
short timescale only those layers of the sieve nearest the 
IMS cell space are active, as the contaminant vapours do 
not reach the inner layers of the sieve. Consequently after 
a period of continuous use the absorbing capacity of the 
active layers becomes exhausted and the clear-down time of 
the instrument increases. If the instrument is then 
switched off, preventing the intake of any further sample, 
an equilibrium of the absorbed vapours within the molecular 
sieve pack occurs and the active layers become absorbent 
again. 

Thus whilst a simple IMS instrument incorporating a 
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molecular sieve pack and a vapour diffusion cleansing 
process is acceptable for intermittent or infrequent use, 
for example for periodic testing of an ambient atmosphere 
for trace of a possible contaminant or contaminants, it is 
less suitable for continuous use. 

It is an object of the present invention to overcome 
the shortcomings of such an ion mobility instrument 
employing a vapour absorbent material, such as molecular 
sieve pack, in intimate contact with the drift space of the 
internal volume of the IMS cell, as the cleansing and/or 
dessicating means, whilst retaining the advantages offered 
by such an instrument. 

According to one aspect the invention consists in the 
provision in such an instrument of means to induce a flow 
of air, or other ambient atmosphere, within the instrument 
between the drift space of the IMS cell and the vapour 
absorbent material, thereby to draw contaminant vapours 
from the IMS cell into the body of vapour absorbent 
material. 

A system in accordance with the invention provides the 
compactness and simplicity achieved by the use of vapour 
absorbent e.g. molecular sieve, cleansing, whilst adding 
the advantage of fast clear-down, permitting either 
continuous sampling or more frequent sampling than has 
hitherto been possible with such instruments. 

The invention is illustrated in and further described 
with reference to the accompanying drawing which 
illustrates diagramatically the layout of a self-contained 
miniature IMS instrument in accordance with the invention! 

Referring to the drawing, an IMS instrument comprises 
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an outer casing 10 , sub-divided into a portion containing 
the IMS cell 12, and a portion containing the molecular 
sieve pack 14. 

The IMS cell 12 comprises an ionisation region 16, 
with a sample inlet aperture 18, an ionising electrode 20, 
and a drift region 22, provided with a series of 
accelerator electrodes 24 and a collector electrode 26. The 
ionisation and drift regions are separated by a gate 
electrode 28, controlling the entry into drift region 22 of 
sample ions generated in the ionisation region 16. 

Operation of the IMS cell under the control of 
external electronic circuitry is well known in the art and, 
as it forms no part of the present invention, will not be 
further described. 

The molecular sieve pack 14 comprises a sieve 
structure 30 containing sieve beads 32 retained within the 
sieve structure 30 by means of a mesh 34 in close contact 
with the interior of the IMS cell 12. 

A suitable molecular sieve material would be a zeolite 
such as 13X, 10A or 5A, with acceptable bead sizes ranging 
from 1 mm to 4 mm in diameter. The typical absorption 
capacity of such a sieve material is 10% to 20% by weight 
of water. 

The body of the sieve structure 3 0 is constructed to 
permit a small electric motor 3 6 driving a fan 38 to be 
mounted within it. Motor 36 and fan 38 are separated from 
the sieve structure 30 by mesh walls 40 and 42 , or other 
filter devices, and an impermeable inner wall 4 4 . 

Fan 38 may be either of an axial or centrifugal type, 
functioning to induce a flow of air in a re-circulating 
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manner between the body of the sieve structure 30 and the 
volume of the IMS cell 12, drawing water vapour and other 
contaminants from one end of the IMS cell 12 into the body 
of the sieve structure 30 for absorption by sieve beads 32 , 
and returning clean dry air to the other end of IMS cell 
12. The air flow is represented in the drawing by the 
arrows 50. 

In operation a sample of ambient atmosphere in the 
region of the pin-hole inlet 18 is drawn, together with any 
detectable vapours it contains, into the ionisation region 
16 of IMS cell 12 , against the internal air flow 50, as the 
result of a momentary pressure drop within the casing 10, 
induced for example by a moving diaphragm, such as that of 
a miniature loudspeaker, mounted upon and in communication 
with interior space of casing 10. Such an arrangement is 
illustrated and described in our co-pending application No 
WO93/01485 

The vapours are ionised, the ionisation products 
injected into the drift region 22 under control of gate 
electrode 28, and the ionisation products of interest drawn 
towards collector electrode 26 under the influence of the 
electric field established by the accelerator electrodes 
24. Unwanted ionisation products, together with surplus 
sample vapour and water vapour are swept into the sieve 
structure 30 entrained in the air flow 50 generated by fan 
38. 

A fan motor 36 sufficient to induce an airflow of 
several hundred millilitres per minute through the combined 
sieve structure 30 and meshes 34, 40, and 42, has a size 
approximately 15mm by 7mm by 7mm, with a fan 3 8 of- about 
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12mm in diameter and 2mm axial length. The power 
requirement for such an electric motor and fan is about 
3 0mW, representing an insignificant demand upon the battery 
required to power the other operating functions of the IMS 
instrument. 

In an instrument of the type described, with a pin- 
hole aperture inlet and with a motor-driven fan of the type 
described, the clear -down time for the cell from sample 
intake , is typically less than 0.25 seconds for low sample 
vapour concentrations, and less than about 2 seconds for 
high sample vapour concentrations. These figures are 
considerably less than for a standard IMS system with a 
complex internal re-circulating air flow system, employing 
a membrane inlet system, and less than for a pin-hole 
aperture inlet instrument such as described, but without 
the fan-induced airflow arrangement. 

If the pin-hole inlet aperture 18 is provided with 
an injection system such as is described in our copending 
PCT Application No WO93/01485, the operation of fan 

38 and the electrically driven inlet injection system may 
advantageously be synchronised under control of the 
instrument's electronic control system, for most effective 
operation. 

With synchronisation, fan motor 36 may be switched off 
when the injection system has been powered to inject a 
sample into the ionisation region 16, allowing the sample 
to be processed through cell 12, before being switched on 
again to initiate airflow to clear the cell 12 of surplus 
sample vapour and other contaminants prior to the next 
sample injection. 



SUBSTITUTE SHEET (RULE 26) 



WO 96/37773 PCT/GB9 6/0 1248 

7 

Although particular reference has been made to the use 
of molecular sieve materials in the form of sieve packs as 
the vapour absorbent material to perform the cleansing and 
drying operations within the casing of the instrument, such 
materials being of particular efficacy for the purpose, 
other materials may also be used for the purpose, such as, 
for example, activated charcoal, determined by the 
application, and the nature of the vapours to be extracted. 

A miniature IMS instrument in accordance with the 
invention and generally as described with relation to the 
accompanying drawing, has been constructed with overall 
external dimensions of 65mm long by 55mm wide and 30 mm 
deep, with an internal molecular sieve pack 65mm long by 
25mm wide and 30mm in depth - 

It will be appreciated that various modifications may 
be made to the instrument described herein without 
exceeding the scope of the invention, for example means 
other than a fan may be used to cause the internal 
circulation of air or other ambient atmosphere from cell 
space to vapour absorbent material, and means other than 
the injection system referred to may be used to draw 
ambient atmosphere from the surroundings into the casing of 
the instrument; 
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CLAIMS; 

1. An ion mobility spectrometer including a spectrometer housing (10) 
and, within the housing, an ion mobility spectrometer cell (12), a volume of 

5 vapour absorbent material (30), and means for inducing a flow of cleansing gas 
through the cell (12) and the absorbent material (30), 

2. An ion mobility spectrometer as claimed in claim 1 in which the 
means for inducing a flow of cleansing gas is arranged to effect a re-circulating 

10 flow within the housing through the cell (12) and the absorbent material (30). 

3. An ion mobility spectrometer as claimed in claim 1 or claim 2 in 
which the absorbent material is positioned adjacent the cell (12) and separated 
therefrom by a mesh (34) through which the gas may flow. 

15 

4. An ion mobility spectrometer as claimed in any one of the preceding 
claims in which the absorbent material (30) includes a molecular sieve material. 

5. An ion mobility spectrometer as claimed in claim 4 in which the 
20 molecular sieve material comprises a zeolite. 

6. An ion mobility spectrometer as claimed in any one of the preceding 
claims in which the absorbent material comprises a plurality of absorbent beads 
(32). 

25 
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7. An ion mobility spectrometer as claimed in claim 6 in which the 
beads (32) are between about 1 and 4 mm in diameter. 

8. An ion mobility spectrometer as claimed in any one of the preceding 
claims in which the cleansing gas is air. 

9. An ion mobility spectrometer as claimed in any one of the preceding 
claims in which the means for inducing a flow of cleansing air is contained 
within the volume of vapour absorbent material (30). 

10. An ion mobility spectrometer as claimed in any one of the preceding 
claims in which the means for inducing a flow of cleansing gas comprises a fan 
(38). 

11. An ion mobility spectrometer including a spectrometer housing (10) 
and, within the housing, an ion mobility cell (12) and a volume of vapour 
absorbent material (30), the vapour absorbent material extending the length of 
the cell and being adjacent thereto, and a fan (38) arranged to induce a re- 
circulating flow of gas within the housing through the cell and the vapour 
absorbent material. 



SUBSTITUTE SHEET (RULE 26) 



WO 96/37773 



PCT/GB96/01248 



1/1 




SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



Intc. xial Application No 

PCT/GB 96/01248 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 G01N27/64 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 G01N 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category " Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



EP.A.O 233 579 ( HON EYWELL- ELAC-NAUTI K 
GMBH) 26 August 1987 

see column 3, line 10 - line 16; figure 3 

WO, A, 93 06476 (GRASEBY DYNAMICS LTD) 1 
April 1993 

cited in the application 
see abstract; figure 1 

US,A,4 317 995 (R. F. D. BRADSHAW) 2 March 
1982 

cited in the application 
see abstract; figure 1 

EP.A.O 135 747 (THE BENDIX CORPORATION) 3 
April 1985 

see abstract; figure 4 



□ 



Further documents are listed in the continuation of box C. 



m 



Patent family members are listed in annex. 



' Special categories of cited documents : 

'A* document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international 

filing date 

*L* document which may throw doubts on priority daimfs) or 
which is cited to establish the publication date of another 
citation or other sped a] reason (as specified) 

'O* document referring to an oral disclosure, use, exhibition or 
other means 

*P" document published prior to the international filing date but 
. later than the priority date d aimed 



*T* later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X* document of particular relevance; the daimed invention 
cannot be considered novd or cannot be considered to 
involve an inventive step when the document is taken alone 

*Y* document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination bang obvious to a person skilled 
in the art. 

"&* document member of the same patent family 



Date of the actual completion of the international search 



21 August 1996 



Date of mailing of the international search report 



2 3. 09. 96 



Name and mailing address of the ISA 

European Patent Office, P.B. 5B18 Patentlaan 2 
NL - 2280 HV Rijswtjk 
Td. ( + 31-70) 340-2040, Tx. 31 651 epo nl. 
Fax ( + 31-70) 340-3016 



Authorized officer 



Duchatellier, M 



Form PCT/tS A/210 (recend sheet) <July 1VW) 



infon 


mONAL SE1ARCH REPORT 

nation on patent family members 


Intc xial Application No 

PCT/GB 96/01248 


Patent document . 
cited in search report 


Publication 
date 


Patent family 
membcr(s) 


Publication 
date 


EP-A-233579 


26-08-87 


DE-A- 3604893 


20-08-87 



CA-A- 1245377 22-11-88 

FI-B- 89413 15-06-93 

JP-A- 62192649 24-08-87 

US-A- 4775795 04-10-88 



W0-A-93O6476 


01-04-93 


CA-A- 
EP-A- 
JP-T- 
US-A- 


2116547 
0604528 
6511104 
5475217 


01-04-93 
06-07-94 
08-12-94 
12-12-95 


US-A-4317995 


02-03-82 


GB-A- 
AU-B- 
EP-A- 
JP-A- 


2052750 
5942180 
0021518 
56006153 


28-01-81 
08-01-81 
07-01-81 
22-01-81 


EP-A-135747 


03-04-85 


US-A- 
DE-A- 


4551624 
3485754 


05-11-85 
09-07-92 



Form PCT/lSA/210 (patent family annex) (July 1992) 



